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(54) ELECTRONICALLY CONTROLLED MECHANICAL CLOCK AND A METHOD OF 
CONTROLLING THE SAME 



(57) An electronically controlled mechanical time- 
piece includes: a voltage-controlled oscillator (25) 
including a generator that uses a rotor (12) driven by a 
spring (la) to rotate, and a brake circuit (23) for control- 
ling the rotation cycle of the generator (20)i and a rota- 
tion control means (50) for controlling the rotation cycle 
of the generator (20) by controlling the brake circuit (23). 
The rotation control means (50) includes a phase-com- 
parison circuit (54) for comparing the phases of rectan- 



gular-wave pulses fr output from a VCO (25) and time 
standard signal fs, and a brake control circuit (56) for 
inputting, based on an output from the phase-compari- 
son circuit (54), a signal for controlling the brake circuit 
(23) to a voltage-controlled oscillator (25). By providing 
the VCO (25) and the phase-comparison circuit (54), 
PLL control is realized to enable a rapidly responsive 
system. 
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Description 
Technical Field 

[0001 ] The present invention relates to electronically 
controlled mechanical timepieces that accurately drive 
pointers f ixed to a train wheel bridge by using a genera- 
tor to convert mechanical energy in the unwinding mode 
of a spring Into electrical energy, and controlling the 
rotation cycle of the generator by driving a rotation con- 
trol means with the electrical energy, and to control 
methods therefor. 

Background Art 

[0002] An electronically controlled mechanical time- 
piece described in Japanese Examined Patent Publica- 
tion No. 7-119812 is known as one for indicating an 
accurate time that accurately drives pointers fixed to a 
train wheel bridge by using a generator to convert 
mechanical energy in the unwinding mode of a spring 
into electrical energy, and controlling a current flowing in 
the coil of the generator by driving a rotation control 
means with the electrical energy. 
[0003] In the electronically controlled mechanical 
timepiece, by inputting a signal based on the rotation of 
the generator into a counter while inputting a signal from 
a quartz oscillator into the counter, comparing values in 
the counter, and controlling the generator based on the 
difference, rotation velocity is controlled. The counter 
compares the phase differences of reference clock 
pulses (Ref-pulses) and generator-rotation-cycle pulses 
(G-pulses), and increases the value of a U/D counter if 
the Q-pulses are ahead, or decreases the value if the G- 
pulses are behind. The counter consists of a so-called 
integral counter. 

[0004] When a value obtained by measuring the time 
of one cycle of the Ref-pulses is equal to a value 
obtained by the integral counter, the braking of the gen- 
erator is performed, and braking is continuously per- 
formed until measurement of the time of one cycle of the 
Ref-pulses terminates. Accordingly, the value of the 
integral counter sets a braking release time. That is. the 
value of the integral counter is multiplied by braking 
release time N at which the average velocity of the G- 
pulses is equal to a target velocity (Ref-pulses). In other 
words, integral control is employed in this system. 
[0005] According to the integral control, the average 
velocity of a rotor over a sufficient duration can be con- 
trolled at a velocity in a set time, whereby pointers can 
be accurately moved at a controlled velocity because 
signals output in each cycle are compared, while the 
signals are being counted. However, the integral control 
has a problem in that the rotation velocity of the rotor 
cannot be instantly adjusted, which causes low respon- 
siveness. The integral control also has a problem in that 
a plurality of phase excursions is generated until the 
relationship between spring force and braking force is 



set so as to correspond to a target frequency. 

[0006] The integral control can be expressed in the 

block diagram in Fig. 20. 

[0007] In general, it is known that a transfer function 
5 used for a generator or motor is 1/s(sT + 1) , This con- 
sists of a first-order-lag transfer function 101 and an 
integral term 102 of 1/s. Accordingly, an integral factor is 
included in the generator as an object to be controlled. 
Bode diagrams on the assumption that only the integral 
10 control is performed for the object are shown in Figs. 21 
and 22. 

[0008] In the Bode diagrams, it is required as a condi- 
tion for stable rotation control that a phase allowance, 
i.e., the phase at a gain of zero db (gain intersection), be 
75 ahead of -180*" and that gain allowance, i.e.. the gain at 
a phase of -180*'(phase intersection), be not more than 
zero db. 

[0009] However, In the case where only the integral 
control is performed, a phase delay of -90*" occurs in the 

20 Object, and a further phase delay of -90* occurs due to 
the integral control, as shown in Fig. 21, so that the 
phase is at approximately -180**. Thus, stable control is 
difficult because the integral control alone cannot obtain 
phase allowance and gain allowance. Accordingly, the 

25 timepiece in Japanese Examined Patent Publication No. 
7-1 19812 must perform control at a very low frequency, 
and Its responsive characteristic is positioned at approx- 
imately 0.016 Hz or less. 

[001 0] A case where the gain of the integral counter is 
30 set to be 100 times greater is shown in Fig. 22; Also, in 

this case, phase allowance is behind -180''. and staible 

control cannot be anticipated. 

[001 1] As is clear from the above-described data, by 

performing control using only the conventional integral 
35 control, average velocity control can be performed, but a 

problem occurs in that phase excursions cannot be 

eliminated. 

[0012] In addition, slow control response causes a 
problem in that almost nothing can be performed for a 

40 rapid disturbance as in the case when acceleration Is 
generated in a watch by a swing of an arm. 
[0013] It is an object of the present invention to pro- 
vide an electronically controlled mechanical timepiece 
that is free from phase excursions and has rapid control 

45 system response, and to a control method therefor. 

Disclosure of Invention 

[001 4] According to the present invention, there is pro- 
50 vided an electronically controlled mechanical timepiece 
including: a mechanical energy source; a generator 
driven by the mechanical energy source connected to 
the generator via a train wheel bridge, which generates 
induced electric power for supplying electric energy; a 
55 brake circuit for braking the generator; pointers joined to 
the train wheel bridge; and a rotation control means for 
controlling the rotation cycle of the generator by control- 
ling the brake circuit; wherein the rotation control means 
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includes: a rotation detection means for generating a 
rotation signal of the generator; a target-signal generat- 
ing means for generating a target signal corresponding 
to a target number of revolutions; and a phase-differ- 
ence compensation means for detecting the phase dif- 
ference of the target signal output from the rotation 
detection means, and the target signal output from the 
target-signal generating means, and . outputting a 
phase-difference compensation signal which is used as. 
a braking control signal in the brake circuit. 
[0015] An electronically controlled mechanical time- 
piece of the present invention uses a mechanical 
energy source such as a spring to drive pointers and a 
generator, and controls the number of rotations of a 
rotor, i.e.. the pointers by braking the generator. At this 
time, the electronically controlled mechanical timepiece 
compares the phases of a rotation signal of the genera- 
tor and a target signal such as a timepiece's standard 
signal, and inputs based on the phase difference a 
brake control signal to a brake circuit for the generator, 
whereby a so-called phase-synchronization circuit con- 
trol (PLL control) Is realized in an electronically control- 
led mechanical timepiece. Accordingly, since a braking 
level can be set by comparing the waveforms of gener- 
ated power in each cyde, the activation cf a locked . 
range realizes a stable, rapidly responsive system and 
enables the elimination of phase excursions unless the 
waveforms of generated power remarkably change In a 
moment. 

[001 6] Under these circumstances, it is preferable that 
the generator and the brake circuit constitute a voltage- 
controlled oscillator, and that the phase<iifference com- . 
pensation means include: a phase-comparison circuit 
for comparing the phases of the rotation signal and the 
target signal; and a brake control means for inputting to 
the voltage-controlled oscillator the phase-difference 
compensation signal for controlling the brake circuit 
based on an output from the phase-conparison circuit. 
[001 7] Under these circumstances, it is preferable that 
the rotation control means include a waveform shaping 
circuit for converting the output waveform of the voltage- 
controlled oscillator Into rectangular-wave pulses, and 
outputting them as the rotation signal to the phase-com- 
parison circuit. 

[001 8] The output waveform of the voltage-controlled 
oscillator changes in accordance with a control method 
therefor. However, by providing the waveform shaping 
circuit, the different part of the output waveform can be 
absorbed, and rectangular-wave pulses capable of 
being compared with a time standard signal can be out- 
put to the phase-comparison circuit, irrespective of the 
output waveform from the voltage-controlled oscillator. 
Thus, the phase-comparison circuit, etc., can be used in 
common to enable a reduction in a component cost. 
[001 9] In addition, it is preferable that the rotation con- 
trol means include a frequency-to-velocity converter for 
converting the frequency of an output signal from the 
voltage-controlled oscillator into velocity, and that the 



. brake control means be capable of outputting a signal 
which controls the brake circuit, based on an output 
from the phase-comparison circuit and an output from 
the frequency-to-velocity converter. 

5 [0020] By providing the frequency-to-velocity , con- 
verter, the time constant of a control circuit can be 
reduced, and responsiveness can be further improved. 
[0021 ] Moreover, it is preferable that the phase-differ- 
ence compensation means include phase-difference 

10 detection means and compensation-signal generating 
means for receiving an output from the phase-difference 
detection means, that the rotation signal and the target 
signal be repetitive pulses, that the phase-difference 
detection means include counters for counting the num- 

75 bers of rises or falls of the respective signals, and that 
one counter be incremented or decremented when the 
target signal rises or falls, or is incremented or dewe- 
mented when the rotation signal rises or falls, and out- 
puts an output of the counter as a phase-difference 
• 20 signal to the compensation-signal generating means. 
[0022] By using a counter to constitute the phase-dif- 
ference detection means, the circuit arrangement can 
be simplified, and a cost can be also reduced. In addi- 
tion, a counter capable of holding a plurality of counts 

.25 can be used. Thus, a phase difference in a broad range 
can be detected, and even if phase differences are 
totaled, the total can be held. Accordingly, control in 
accordance with a total of phase differences can be per- 
formed, and more accurate velocity-controlled control 

30 can be performed. 

[0023] Under these circumstances, it is preferable that 
the phase-difference detection means include: an inte- 
gral counter for measuring a total of the phase excur- 
sion periods of the rotation signal and the target signal; 

35 a proportional counter for measuring phase excursion 
periods; and an adder for increasing or reducing the 
value of each counter in accordance with a lead or lag 
of the phase excursion of the rotation signal with 
respect to the target signal. 

40 [0024] According to the present invention, there is pro- 
vided a control method for an electronically controlled 
mechanical timepiece including a mechanical energy 
source; a generator driven by the mechanical energy 
source connected to the generator via a train wheel 

45 bridge, which generates induced electric power for sup- 
plying electric energy, a brake circuit for braking the 
generator, pointers joined to the train wheel bridge, and 
a rotation control means for controlling the rotation cycle 
of the generator by controlling the brake circuit, wherein 

so a rotation signal of the generator and a target signal 
generated in accordance with a target number of revolu- 
tions are compared to detect the phase difference ther- 
ebetween, and a phase-difference compensation signal 
in accordance with the phase difference is used to con- 

55 trol the brake circuit. 

[0025] In the present invention, phase excursions can 
be eliminated, and a stable, rapidly responsive control 
system is realized because an electronically controlled 
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mechanical timepiece can be controlled by phase-syn- 
chronization circuit control (PLL controO- 
[0026] Under th^se circumstances, it is preferable that 
the control method comprise: using an integral counter 
to measure a total of the phase excursion periods of the s 
rotation signal and the target signal, and using a propor- 
tional counter to measure phase excursion periods; 
determining a lead or lag of the phase excursion of the 
rotation signal with respect to the target signal; comput- 
ina a phase-difference compensation signal for setting a ro 
braking time by increasing or reducing the value of each 
counter in accordance with the determined result; and 
using the phase-difference compensation signal to con- 
trol ttie brake circuit. The setting of the braking time 
includes not only the case where a braWng t|me is « 
directly set. but also the case where indirect brakir^ e 
performed by setting a braking release time in which 
braking is not performed in a predetermined cycle. 



Brief Description of the Drawings 
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Fig. 15 is a flowchart showing the P-value computa- 
tion flow in Rg. 12. 

Fig. 16 is a Bode diagram according to a second 
embodiment.. 

Rg. 1 7 is a block diagram showing a modification ot 
the present invention. 

Rg. 18 is a circuit diagram showing a modHication 
of a chopper charging circuit according to the 
present invention. 

Rg. 1 9 is a block diagram showing a modif ication of 
a waveform shaping circuit according to the present 
invention. 

Rg. 20 is'a block diagram showing the construction 
of a conventional example related to the present 
invention. 

Rg. 21 is a Bode diagram according to a conven- 
tional example. 

Fig. 22 is a Bode diagram according to a conven- 
tional example. 

Best Mode for Canylng Out the Invention 
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Rg 1 is a plan view showing main components of 
an electronically controlled mechanical timepiece 
according to a first embodiment of the present 
invention. . . 

Fig. 2 is a cross-sectional view showing a mam part 

in Fig. 1. ■ • ^ 

Fig. 3 is a cross-sectional view showing a mam part 

in Fig. 1. . , ... 

Fig. 4 is a block diagram showing functions of a tirst 
embodiment of the present invention. 
Fig 5 is a block diagram showing the construction 
of a f irst embodiment of the present invention. 
Fig 6 is a circuit diagram showing a chopper charg- 
ing circuit according to a first embodiment of the 
present invention. 

Fig. 7 is a block diagram showing an example ot a 
waveform shaping circuit according to a first 
embodiment of the present invention. 
Fig 8 is a block diagram showing another example 
of a waveform shaping circuit according to a first 
embodiment of the present invention. 
Fig. 9 is a waveform chart according to a first 
embodiment of the present invention. 
Fig 10 is a drawing showing processing by a com- 
parator in a brake control circuit according to a first 
embodiment of the present invention. 
Fig 11 is a block diagram showing mam compo- 
nents of a second embodiment of the present 

invention. . 
Fig. 12 is a flowchart showing a control method 
according to a second embodiment. 
Fig. 13 is a flowchart showing the continuation of 
control in the flowchart in Fig. 1 2. 
Fig. 14 is a flowchart showing the 1-value computa- 
tion flow in Fig. 12. 



[00281 In order that the present invention may be 
described in more detail, it will be deswibed with refer- 
25 ence to the attached drawings. 

[0029] Fig. 1 is a plan view showing main parts of an 
electronically controlled mechanical timepiece accord- 
ing to a first embodiment of the present invention, and 
Fig 2 and Fig. 3 are section views of tiie timepiece. 
30 [0030] The electronically controlled mechanical time- 
piece includes a barrel drum 1 comprised of a spring 1a. 
a barrel gear 1b. a barrel arbor 1c, and a barrel cover 
Id The spring 1 a has an exterior end fixed to the barrel 
gear lb. and an interior end fixed to the ban-el arbor 1c. 
35 The barrel arbor 1 c is supported by a main plate 2 and 
a train wheel bridge 3, and is fixed by a ratchet fastener 
5 so as to rotate together with a ratchet wheel 4.- 
[0031] The ratchet wheel 4 is engaged with a detent 6 
so as to rotate clockwise but not to rotate anticlockwise. 
40 A description of a technique for winding ttie spring 1 a by 
rotating the ratchet wheel 4 clockwise is omitted since 
the technique is similar to that in the self-winding or 
hand-winding mechanism of a mechanical timepiece. 
The rotation of the barrel gear lb is transmitted to a 
45 center wheel 7 at a speed inaeased 7 times. Succes- 
sively, it is transmitted to a third wheel 8 at a speed 
increased 6.4 times. It is transmitted to a second wheel 

9 at a speed increased 9.375 times. It is transmitted to a 
im wheel 10 at a speed increased 3 times. It is trans- 

50 mitted to a sixth wheel 11 at a speed increased 10 
times. It is transmitted to a rotor 12 at a speed increased 

10 times. In all. the speed of the rotation is inaeased 
126000 times. 

[0032] A cannon pinion 7a is fixed to the center wheel 
55 7 A minute hand 1 3 is fixed to the cannon pinion 7a. A 
second hand 14 is fixed to the second wheel 9. Accord- 
ingly, in order that the center wheel 7 may be rotated at 
1 rph and that the second wheel 9 may be rotated at 1 
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rpm, a rotor 12 may be controlled so as to rotate at 5 
rps. At this time, the barrel gear lb rotates at 1/7 rph. 
[0033] The electronically controlled mechanical time- 
piece includes a generator 20 comprised of the rotor 12, 
a stator 15. and a coil block 16, The rotor 12 consists of 
a rotor magnet 12a. a rotor pinion 12b, and a rotor iner- 
tia disk 12c. The rotor inertia disk 12c is for suppressing 
a change in the revolution of the rotor 12 against a 
change in driving torque from the barrel drum 1. The 
stator 15 is a stator base 15a with forty thousand turns 
of a stator coil 15b wound around it. 
[0034] The coil block 16 is a magnetic core 16a with 
eleven thousand turns of a coil 16b wound around it. 
The stator base 15a and the magnetic core 16a are 
made of PC permalloy or the like. The stator coil 15b 
and the coil 16b are connected in series so that an out- 
put voltage as the sum of voltages generated by them is 
obtained. 

[0035] Next, the control circuit of the electronically 
controlled mechanical timepiece is described with refer- 
ence to Figs. 4 to 9. 

[0036] In Fig. 4, a block diagram showing the functions 
of this embodiment is shown. 

[0037] An ac output from the generator 20 is 
Increased in voltage and rectified by a rectifying circuit 
21 having voltage-raising rectification, full-wave rectifi- 
cation, half-wave rectification, transistor rectification, 
etc. A load 22 such as an IC for controlling a rotation 
control means or the like, and a quartz oscillator or the 
like, is connected to the rectifying circuit 21 . In Fig. 4. for 
convenience of explanation, each functional circuit 
included in the IC is described separately from the load 
22. 

[0038] A brake circuit 23 formed by connecting in 
series a braking resistor 23 A and an N-ch or P-ch tran- 
sistor 23B is connected to the generator 20. The gener- 
ator 20 and the brake circuit 23 constitute a voltage- 
controlled oscillator (VCO) 25. In the brake circuit 23, 
other than the braking resistor 23A. a diode may be 
inserted if necessary. 

[0039] A rotation control means 50 Is connected to the 
VCO 25. 

[0040] The rotation control means 50 includes an 
oscillator circuit 51 . a frequency-dividing circuit 52, a 
rotation detection circuit 53 for the rotor 12, a phase 
comparison circuit (PC) 54, a low-pass filter (LPF) 55. 
and a brake control circuit 56. 

[0041 ] The oscillator circuit 51 uses a quartz oscillator 
51 A to output an oscillating signal, and the oscillating 
signal is frequency-divided by the frequency-dividing 
circuit 52 to have a constant cycle. The frequency- 
divided signal is output as, for example, a 10-Hz time- 
standard signal (reference cycle signal) fs to the phase 
comparison circuit 54. The time-standard signal (refer- 
ence cycle signal) fs Is used as a target revolution of the 
generator 20. Thus, the oscillator circuit 51 and the fre- 
quency-dividing circuit 52 constitute a target-signal gen- 
erating means for generating a target signal (time 



standard signal fs) corresponding to a target revolution. 
[0042] The rotation detection circuit 53 receives an 
output waveform from the VCO 25 at a high inpedance 
so that the generator 20 is not affected. It performs the 

5 waveform processing of the output to form rectangular- 
wave pulses f r, and outputs them to the phase compar- 
ison circuit 54. Accordingly, using the revolution detec- 
tion circuit 53 forms a rotation detection means for 
generating a rotation signal synchronized with the rota- 

10 tion of the generator 20. 

[0043] The phase comparison circuit 54 compares the 
phases of time reference signal fs from the frequency- 
dividing circuit 52 and rectangular-wave pulses fr from 
the rotation detection circuit 53, and outputs a differ- 

IS ence signal. The difference signal is processed by the 
LPF 55 so that its high-frequency components are elim- 
inated, before being input to the brake control circuit 56 
as the brake control means. 

[0044] The brake control circuit 56 inputs, based on 
20 the signal, to the VCO 25. a control signal from the 
brake circuit 23. Thereby, phase synchronization control 
is realized. 

[0045] Accordingly, the phase comparison circuit 54, 
the LPF 55, and the brake control circuit 56 constitute, a . 

25 phase-difference compensation means for detecting the , 
pfnase difference between the rotation signal output 
from the rotation detection means and the target signal 
from the target-signal generating means, and outputting 
a phase-compensation signal that becomes the brake 

30 control signal in the brake circuit 23. 

[0046] A more detailed construction of this embodi- 
ment is shown in Fig. 5 & 6. 

[0047] As shown in Fig. 5 & 6, in this embodiment, a 
chopper charging circuit 60 is used as the brake circuit 

35 23. The chopper charging circuit 60 includes: two com- 
parators 61 and 62 connected to the coils 15b and 16b 
in the generator 20; a power supply 63 for supplying 
comparison reference voltage Vref to the comparators 
61 and 62; OR circuits 64 and 65 for outputting thelog- 

40 ical sums of outputs from the comparators 61 and 62, 
and a clock output (control signal) from the brake control 
circuit 56; field effect transistors (FETs) 66 and 67 which 
are connected to the coils 15b and 16b and which have 
gates connected to the outputs of the OR circuits 64 and 

45 65; and diodes 68 and 69 connected to a capacitor 21 A 
provided in the rectifying circuit 21 . The FETs 66 and 67 
are provided with parasitic diodes 66A and 67A. 
[0048] The capacitor 21 A has a positive electrode set 
to have voltage VDD, and a negative electrode set to 

50 have VTKN (V/TANK/Negative: Negative electrode of 
battery). Similarly, the negative electrode of the power 
supply 63, and the sources of the transistors 66 and 67, 
are set to have VTKN. Accordingly, in the chopper 
charging circuit 60, the transistors 66 and 67 are con- 

55 trolled so that the generator 60 is short-circuited to 
VTKN, whereby chopper boosting is performed so that 
when the generator 60 is open, it obtains voltage VDD 
or greater. Therefore, the comparators 61 and 62 com- 
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pare an increased, generated voltage and arbitrarily set 
voltage Vref between VDD and VTKN. 
[0049] In the chopper charging circuit 60. outputs Irom 

he respective comparators 61 and 62 are supp ed to 
al^o a waveform shaping circuit 70. According^ the s 
Chopper charging-circuit 60 and the waveform shaping 
circuit 70 constitute the rotation detection circuit 53 
[00501 A monostable multivibrator (single shot type) 
71 as shown in Fig. 7. a type using a counter 74 and a 
latch 75 as shown in Fig. 8. etc.. are used as the wave- 
form shaping circuit 70. ... 
raSil The phase comparison circuit 54 includes an 
analog phase comparator, and a digital phase compara- 
tor By way of exa-Sple. CMOS-used CMOS-type phase 
Smparators. etc.. can be used. The P^^^^e comparison « 
circiSt 54 detects the phase difference between 10-Hz 
time-standard signal fs from the frequency-dividing c^- 
cuit 52 and rectangular-wave pulses fr from the wave- 
form shaping circuit 70, and outputs a difference signal. 
[oSll Yhe difference signal is input to a charge pump 
CP) 80. in which it is converted into a voltage level, and 
L voltage level is processed by a loop ^i"er 8 com- 
posed of a resistor 82 and a capacitor 83so th^ 
hiqh-frequency components are eliminated. Accwd- 
irl^ly. tS chaTge pump 80 and the loop filter 81 consti- ^s 

m£] ''["ef signal a output from the loop f ilter 81 is 
nput to a conparator 90. Triangular waves b. obtained 
by'converting a signal by a frequency^dividing ci^urtQI 
for performing frequency^ivision to 50 Hz to 1 00 kHz^ 
and a triangular-wave generating ^'^"^'^ an 
integrator, etc.. are input to the comparator 90^ The 
comparator 90 outputs rectangular pulse signal c bas«l 
Z iLl Signal a from the loop filter 81 and triar^^^^^^^^^ 
wave Signal b. Therefore, the comparator 90, the fre 35 
quency-dividing circuit 91 . and the triangular-wave gen- 
erating circuit 92 constitute the brake control circurt 56. 
[00541 Rectangular pulse signal c output from the 
!»mparator 90 is input as clock signal GLK to the chop- 
per charging circuit 60 as described above. 
[0055] Next; the operation of this embodiment is 
described with reference to Figs. 9 and 10. 
[0056] When the rotor 12 of the generator 20 rotates 
by the spring 1a. the respective coils 15b and 16b out- 
put alternating-current waveforms in accordance w|^h <s 
change in magneticflux. The waveforms are '"Put to the 
respective comparators 61 and 62. Each co"Pf ^tor ^l 
or 62 compares the input with voltage Vref from the 
power supply 63. The comparisons by the comparators 
erand 62 detect timing of a polarity for switching on the so 
transistors 66 and 67. _ u^,„i„„ 

[0057] In other words, the voltage-.ncreasing cha g ng 
of the capacitor 21A. and the chopper-braking of the 
generator 20 can be performed by only inP"tt"\9 fck 
signal CLK to the gates of the transistors 66 and 67. In 55 
the case where control is performed using only clock 
signal, when the clock signal is at its Hi-level, the tran- 
sistors 66 and 67 are simultaneously activated to gener- 



ate short-circuiting, and when the clock signal is at its 
Lo-level. it passes through one of the parasitic diodes 
66A and 67A and one of the diodes 68 and 69 to charge 
the capacitor 21A. Specifically, when AG1 is positive, 
charging is performed using a path from the parasitic 
diode 67A to the diode 68 via the coils 1 5b and 1 6b. and 
when AG2 is positive, charging is performed using a 
path from the parasitic diode 66A to the diode 69 via the 
coils 15b and 16b. 

[0058] In this case, two diodes are connected in series 
in each charging path, a voltage drop for the sum of the 
rise voltages VF of the respective diodes is generated. 
Therefore, the capacitor 21 A cannot be charged unless 
the charging voltage is not less than a voltage obtained 
by adding the voltage drop to the potential of the capac- 
itor 21 A. This is a significant factor decreasing charging 
efficiency in the case of a generator whose generated 
voltage is small, such as an electronically conti-olled 
mechanicaltimepiece. . 
[0059] Accoidingly, in this embodiment, the transistors • 
66 and 67 are not switched on or off, but timing therefor 
is controlled, whereby charging efficiency is increased. 
[0060] In other words, when AGi is positive with 
respect to VTKN, and is more than voltage Vref. the 
comparator 62 outputs a Hi-level signal. Thus, the OR 
circuit 65 continuously outputs the Hi-level signal, irre- 
spective of clock signal CLK. whereby a voltage is 
applied to the gate of the transistor 67. and the transis- 
tor 67 is switched on. 

[0061] In addition, tiie comparator 61 connected on 
the AGI side outputs a Lo-level signal because AG2 < 
voltage Vref. The OR circuit 64 outputs a signal syn- 
chronized with ttie clock signal. The transistor 66 contin- 
uously performs on/off operation. The chopper voltage 
increasing in terminal AGI is performed. 
[0062] At tills time, when the ti^nsistor 66 is switched 
off after being switched on, a charging path of AGI to 
the diode 68 to the capacitor 21 A to VTKN to the tran- 
sistor 67 (its source to drain) to AG2 is formed, and ttie 
parasitic transistor 67A is positioned off the path. Thus, 
a voltage drop is small, and charging effiaency is 

improved. , 
[0063] Concerning the level of voltage Vref, it is pref- 
erable to select a generated voltage level that performs 
the chopper voltage increasing of a voltage generated 
by the generator 20 so that the capacitor 21A can be 
charged. Normally, the voltage level may be set at a 
level that is several hundred mV greater than VTKN. 
When voltage Vref is set at a high level, a period until 
the comparators 61 and 62 operate is long, and during 
tiie period a charging path in which two diodes are con- 
nected in series as described above is formed, so that 
power generating efficiency decreases by «iat amount. 
[0064] When the transistor 66 is switched on. short- 
circuiting in the generator 20 occurs to cause short 
braking since the transistor 67 is also switched on, and 
the quantity of generated power decreases. However, 
by short-circuiting the generator 20 on the VTKN side. 
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voltage increasing to a voltage not less VDD can be per- 
formed when the transistor 66 is open. Thus, by setting 
the cycle of chopping for switching on/off, at a predeter- 
mined cycle, a decrease in the quantity of power gener- 
ated when short braking is performed can be 
compensated, and braking torque can be increased 
with the generated power maintained at a constant or 
greater. 

[0065] Also, in the case where the output from the 
generator 20 is directed to the AG2 side, the operations 
of the comparators 61 and 62, and the transistors 66 
and 67, are only switched, and operations similar to 
those described above are performed. The outputs of 
the comparators 61 and 62 in the chopper charging cir- 
cuit 60 are input to the waveform shaping circuit 70, and 
are converted into rectangular-wave pulses fr. 
[0066] By way of example, the monostable multivibra- 
tor 71 in Fig. 7 performs waveform shaping based on 
only one polarity detection result (the output of the com- 
parator 62). Specifically, only at the rise of the output of 
the comparator 62, the monostable multivibrator 71 Is 
triggered, and pulses having a length set by CR are out- 
put. The CR time constant is set at not less than approx- 
imately 1.5 times as long as one cycle of clock signal 
CLK. Within the pulse time set by CR, the rise of the 
next output of the comparator 62 is input to the monos- 
table multivibrator 71. and it is retriggered. Accordingly, 
the monostable multivibrator 71 continuously outputs a 
hi-level signal until the rise of the output of the compara- 
tor 62 is not generated within time 1.5T set by CR, 
whereby rectangular-wave pulses fr corresponding to 
an output signal of the generator 20 are output The rise 
time of pulses fr is delayed by the CR setting time - the 
Hi-level period of the polarity detection pulses, and as 
shown in Fig. 9, when CR is 1 .5T, a delay is generated 
by 1.5T-0.5T= 1T 

[0067] Also the waveform shaping circuit 70 shown in 
Fig. 8 performs waveform shaping based on only one 
polarity detection result (the output of either the compa- 
rator 61 or 62). Specifically, the waveform shaping cir- 
cuit 70 includes a counter 74 for counting the clock 
signals for time 2T and clearing the count, and a latch 
means 75 for performing latching with an output from 
the counter 74. The counter 74 and the latch means 75 
are reset by the output of either the comparator 61 or 
62. By way of example, In the case where an output 
from the comparator 62 is generated as shown in Fig. 9. 
the latch means 75 and the counter 74 are reset, and 
output fr Is output as a Lo-level signal. When an output 
from the comparator 62 Is not generated, output fr is 
latched at its Hi-level. 

[0068] When the output from the comparator 62 is 
generated again, the latch signal Is cleared, and output 
fr Is at its Lo-level, so that rectangular wave pulses can 
be obtained. When the output from the comparator 62 is 
generated within the counter set time (2T), latching is 
not performed. Also, in this case, as shown in Fig. 9. the 
rise of the Hi-level of rectangular wave pulses fr Is 



delayed by the set time (2T) of the counter 74. 
[0069] The waveform shaping circuits 70 in Figs. 7 
and 8 perform conversion into rectangular wave pulses 
by delaying the output of the comparator 62. This pre- 

5 vents pulse deformation by using the CR set time and 
the counter set time because, since the output from the 
comparator 62 cannot always be obtained as a signal 
synchronized with the cycle of the clock signal, but as a 
so-called pulse-missing output, direct conversion into 

10 rectangular wave pulses causes pulse deformation. The 
CR set time and the counter set time may be deter- 
mined depending on the amount of pulse deformation, 
and may be set at approximately cycle 1.5 to 5t In a 
control aspect, such a delay almost does not cause 

75 adverse effects. 

[0070] Rectangular wave pulses fr shaped as 
described above are compared with time standard sig- 
nal fs of the frequency-dividing circuit 52 by the phase 
comparison circuit 54, arxi the difference signal is con- 

20 verted into level signal a through the charge pump 80 
and the loop filter 81 . 

[0071 ] The comparator 90 outputs rectangular-wave- 
pulse signal c. using level signal a and triangular signal 
b from the triangular-wave generating circuit 92, as 

25 shown in Fig. 10. Level signal a is set so that it is lower 
than a standard level when rectangular-wave pulses fr 
based on the rotation of the rotor 12 is ahead of time 
standard signal fs and so that it is higher than the stand- 
ard level when rectangular-wave pulses fr are behind 

30 time standard signal fs. 

[0072] Accordingly, in the case where rectangular- 
wave pulses fr are ahead of time standard signal fs, the 
H-level state of rectangular-wave-pulse signal c lasts 
long, and the short brake time of each chopper cycle in 

35 the chopper charging circuit 60 increases by the pro- 
longed state, so that braking is enhanced to reduce the 
velocity of the rotor 12 of the generator 20. Conversely, 
in the case where rectangular-wave pulses fr are behind 
time standard signal fs, the L-level state of rectangular- 

40 wave-pulse signal c lasts long, and the short brake time 
of each chopper cycle in the chopper charging circuit 60 
decreases by the prolonged state, so that braking Is 
weakened to increase the velocity of the rotor 12 of the 
generator 20. Thereby, control for rectangular-wave 

45 pulses fr to match time standard signal fs is performed. 
[0073] According to the above-described embodi- 
ment, the following effects are obtained. 

(1) By providing the VCO 25 comprised of the gen- 
50 erator 20 and the brake circuit 23. and the phase- 
difference compensation means comprised of the 
phase comparison circuit 54 and the brake control 
circuit 56, PLL control is used to control the rotation 
of the generator 20. Therefore, since the brake level 
55 in the brake circuit 23 can be set by comparing the 
generated-power waveform for each cycle with 
another, the activation of a locked range enables 
stable, rapidly responsive control and the elimlna- 
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tion of phase difference unless the waveform of 
. generated power remarkably changes in a moment. 

(2) The brake circuit 23 is formed by using the chop- 
per charging circuit 60, and the use of chopping 
enables brake control, whereby braking torque can 
be increased with generated power maintained at a 
constant or greater. Thereby, while the system sta- 
bility is being maintained, efficient brake control can 
be performed. 

(3) . By using the chopper charging circuit 60. not 
only brake control but also the charging of the 
capacitor 21 A in the rectifying circuit 21 , and detec- 
tion of the rotation of the rotor 12 of the generator 
20, is realized by the chopper charging circuit 60. 
Compared with the case where the respective func- 
tions are realized by using separate circuits, the cir- 
cuit arrangement can be simplified to reduce the 
number of components and to reduce a cost, and 
production efficiency can be improved. 

(4) In the chopper charging circuit 60, timing for 
control of switching each transistor 66 or 67 is 
adjusted, and with either transistor 66 or 67 
switched on. the other is switched on or off, 
wfiereby a voltage drop in the charging path can be 
reduced to improve power generating efficiency 
This Is therefore effective because in the case 
where the small generator 20 must be used as par- 
ticularly in an electronically controlled mechanical 
timepiece, the power generating efficiency can be 
improved. 

(5) Since the waveform shaping circuit 70 is pro- 
^ vided, even if the circuit arrangement of the chop- 
per charging circuit 60. etc., is modified and the 
output waveform from the VCO 25 differs, the differ- 
ent part of the output waveform can be absorbed by 
the waveform shaping circuit 70. Accordingly, if the 
circuit arrangement of the chopper charging circuit 
60 differs, the rotation control means 50 can be 
used in common, and the conponent cost can be 
reduced. 

(6) In the case where a general circuit composed of 
a low-pass filter (LPF) and a comparator is used as 
the waveform shaping circuit 70, an LPF comprised 
of, e.g., a first-order-lag CR filter, etc.. is charged 
with part of the generated voltage obtained by 
chopper voltage increasing, which is a factor 
increasing the efficiency of charging the capacitor 

. 21 A. However, each waveform shaping circuit 70 in 
this embodiment performs digital processing, 
whereby current consumption can be suppressed 
to be low, and the efficiency of charging the capac- 
itor 21 A can be improved, 

[0074] Next, a second embodiment of the present 
invention is described. In the embodiment, by denoting 
A components similar or identical to the above-described 
embodiment by identical reference numerals, descrip- 
tions are omitted or simplified. 



[0075] Concerning an electronically controlled 
mechanical timepiece according to the embodiment, the 
specific structure of a rotation control means differs 
from that In the first embodiment. Specifically, the rota- 

5 tion control means according to the embodiment 
includes an oscillator circuit (quartz oscillator) 51, a fre- 
quency divider 52, a phase-difference compensation 
means 200, a generator 20, and a rotation detection 
means 53. as shown in Fig. 1 1 . Other components nec- 

70 essary for an electronically controlled mechanical time- 
piece are similar to those in the first embodiment. 
[0076] The frequency divider 52 outputs first reference 
clock pulses (Ref 1 pulses) and second reference clock 
pulses (Ref2 pulses). The frequency.of the Ref2 pulses 

75. is set to be extremely higher than the frequency of the 
Ref1 pulses. 

[0077] The phase-difference compensation means 
200 includes a phase-difference detection means 210, 
and a brake-signal generating means (brake control 
20 means) 220 as a phase-difference compensation 
means. The phase-difference detection means 210 
. includes an integral counter 2 1 1 , a proportional counter 
212, and an adder 213. 

[0078] A method for controlling the generator 20 in the 
25 embodiment is described with reference to Figs. 12 to 
15. 

[0079] Initially, a generator-rotation-cycle pulses (G 
pulses) from the rotation detection means 53, and the 
first reference clock pulses (Refl pulses) from the fre- 

30 quency divider 52, are compared in phase difference 
(step 1)(a step is hereinafter abbreviated to "S"). 
[0080] Next, the integral counter 21 1 is used to f ind an 
l-value (82), and the proportional counter 212 is used to 
find a P-value (S3). 

35 [0081] A technique in which the integral counter 21 1 
finds the l-value is performed in accordance with the I- 
value computation flow shown in Fig. 1 4. In other words, 
by comparing the Ref 1 pulses and G-pulses as to phase 
difference within one cycle, it is determined whether the 

40 G-pulses are ahead (S21). 

[0082] If the G-pulses are ahead in the step, by count- 
ing its leading time using integral gain pulses Ci, the 
leading quantity is measured (S22), and the integral 
counter (U/D counter) 211 is incremented (S23). If the 

45 G-pulses are behind, by counting its lag time using inte- 
gral gain pulses Ci. the lag is measured (S24), and the 
integral counter (U/D counter) 211 is decremented 
(S25). Therefore, a value counted by the integral coun- 
ter 211 is a multiple of phase excursion time measured 

so using integral gain pulses Ci, and this is used as the I- 
value (S26). 

[0083] In addition, a technique in which the propor- 
tional counter 212 finds the P-value is performed in 
accordance with the P-value computation flow shown in 
55 Fig. 15. In other words, phase excursions based on the 
leading or lag G-pulses are counted using proportional 
gain pulses Cp, and phase excursion time is measured 
by the proportional counter (831). By detecting, for 
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example, the disappearance of an input from a meas- 
urement panel (proportional gain pulses Cp), which is 
input to the counter while the phase difference is being 
generated, It is determined whether phase excursion 
measurement ends (S32). When the measurement 
ends, the proportional counter value is set to the P- 
value (S33). At this time, specifically, the proportional 
counter value is stored as the P-value in a register, and 
the proportional counter is subsequently reset. 
[0084] It is determined whether the stored value is a 
leading excursion (leading phase) (S4). If the stored 
value is a leading excursion, the operation N = I + P is 
executed (S5). If the stored value is a lag excursion, the 
operation N = I - P is executed to find the N-value. The 
N-value sets a braking time in one cycle period of the 
generator 20, as described below. In the case where the 
rotation cycle pulses of the generator 20 are ahead of 
the reference clock pulses, the N-value increases as a 
result of I + P, which further Increases the braking time. 
In the case where the rotation cycle pulses of the gener- 
ator 20 are behind the reference clock pulses, the N- 
value decrease as a result of I - P, which further reduces 
the braking time. Accordingly, the N-value is also used 
as a phase-difference compensation signal. . 
[0085] Concerning Integral gain pulses Ci and propor- 
tional gain pulses Cp, the relationship between their fre- 
quencies is Ci « Cp. Therefore, the P-value functions 
so as to actively suppress a phase excursion due to a 
rapid disturbance, etc., as In the case where when the 
electronically controlled mechanical timepiece is used 
as a watch, the motion of an arm causes the rotor 12 or 
the like to have an acceleration, while the l-value func- 
tions so as to control a slow change due to the unwind- 
ing of the spring la. 

[0086] The brake-signal generating means 220 
includes a Ref2 counter for measuring the second refer- 
ence clock pulses (Ref2 pulses). The brake-signal gen- 
erating means 220 uses the Ref2 counter to start 
counting the Ref2 pulses while the phase-difference 
detection means 210 is computing the N-value (S7). 
and simultaneously performs braking (SB). 
[0087] It is determined whether the value by the Ref2 
counter is' equal to the computed N-value (S9). When 
these values are equal, the braking of the generator 20 
is released (S10). 

[0088] Next, by, for example, detecting whether the 
Ref2 counter is incremented, it is determined whether a 
predetermined one cycle set for braking control termi- 
nates (S11). If the predetermined cycle terminates, the 
Ref2 counter Is stopped to be reset (S12). and the 
counting of the Ref2 pulses by the Ref2 counter is 
restarted (S7). 

[0089] Specifically, the Ref2 counter consists of, e.g., 
a 4-bit ripple counter that repeatedly performs re-count- 
ing from zero when finishing counting from zero to fif- 
teen. When the Ref2 counter has zero (S7), the braking 
state is activated (S8), and the braking is continuously 
performed until the computed N-value is equal to the 



Ref2 counter value (S9). When the N-value is equal to 
the Ref2 counter (S9), the braking is released (S10), 
and the braking-released state is maintained until the 
Ref2 counter value has a 4-bit full Count, namely, fifteen 

5 (S1 1 ). When the Ref 2 counter value returns from fifteen 
to zero (SI 2), the braking state is activated (S7 and S8). 
[0090] Accordingly, the N-value sets the brake time in 
one cycle period of the generator 20. Thereby, the gen- 
erator 20 is synchronized with the first reference clock 

10 pulses in frequency and phase, with its frequency and 
phase being close to those of the first reference clock 
pulses. Thus, the pointers Indicate an accurate time. 
[0091] In the second embodiment, the second refer- 
ence clock pulses (Ref2 pulses), in which each fre- 

75 quency has the relationship Refl pulses » Ref2 
pulses, are used. By using the Ref2 pulses whose fre- 
quency is extremely higher than that of the Refl pulses, 
the chopper charging circuit in the first embodiment can 
be controlled by the Ref2 pulses. 

20 [0092] A Bode diagram in which integral control and 
proportional control are combined similarly to the first 
embodiment is shown In Fig. 16. According to the dia- 
gram, phase allowance is approximately 40**, gain 
allowance is not less than -40 db. and the responsive 

25 frequency is 0.1 6 Hz. so that the responsive velocity can 
be set to be approximately ten times the related art 
shown In Rgs. 21 and 22. 

[0093] The second embodiment also uses PI control, 
similarly to the first embodiment, and accordingly pro- 
30 vides operations and effects similar to the operations . 
and effects (1) to (6). 

[0094] In addition, (7) the use of the second reference 
clock pulses (Ref2-pulses) having a high frequency 
enables the second embodiment to be applied to a con- 

35 trol flow for the chopper charging circuit. 

[0095] The present invention Is not limited to each 
embodiment, but includes modifications and improve- 
ments in a range where the object of the present inven- 
tion can be achieved. 

40 [0096] By way of example, as shown in Fig. 17. the 
rotation control means 50 may be provided with a fre- 
quency-to-velocity (FA/) converter 100 for converting 
the output frequency of a waveform shaping circuit 70 
into velocity information. By providing the F/v converter 

45 70. rotation velocity information on a generator 20 can 
be obtained, and the time constant of a control circuit 
can be reduced, so that improve responsiveness can be 
reduced, and the rotation velocity of the generator 20 
can be controlled so as to quickly approach a set veloc- 

50 ity, i.e., a time standard signal. Accordingly, if the wave- 
form of generated power remarkably changes in a 
moment, and is off a locked range, rapid response can 
be performed to maintain control, whereby a more sta- 
ble system can be provided. 

55 [0097] A chopper charging circuit 60 is not limited to 
the one in the embodiment, but a chopper charging cir- 
cuit 110 that includes one comparator 11 1 for detecting 
the polarity of a rotor 12, a diode 1 12 for performing the 
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chopping of transistors 66 and 67, and a resistor 1 1 3, as 
shown in Fig. 18. 

[0098] In the embodiment, since the comparators 61 
and 62 are used for polarity detection, the power supply 
63 for comparing reference voltage Vref is necessary, s 
However, in this embodiment, the need for the power 
supply can be eliminated. In the chopper charging cir- 
cuit 1 10, in order that the transistors 66 and 67 may be 
controlled to be in conduction for the polarity of a power- 
generating coil, the transistors 66 and 67 are driven by io 
passing a coil-end voltage through diodes 112. Accord- 
ingly, the coil-end voltage must be increased to be 
greater than voltage (threshold voltage) Vth capable of 
driving the transistors 66 and 67 + rise voltage Vf of the 
diodes 1 12. For example, if Vth = 0.5 V and diode Vf = is 
0.3 V, this condition alone requires 0.8 V, and the gener- 
ator 20 requires a power-generating ability of approxi- 
mately 1.0 to 1.6 V. For this reason, the chopper 
charging circuit 60 in the embodiment that drives the 
transistors 66 and 67 without using the diodes- is prefer- 20 
able in that an efficient chopper charging operation from 
a small generated voltage of the generator 20 can be 
performed. 

[0099] In addition, the chopper-charging-circuit struc- 
ture may be formed by changing the type of the transis- ■ 25 
tors 66 and 67 of the chopper charging circuit 60 in Fig. 
6 to the P-ch type, exchanging them and the diodes 68 
and 69, and short-circuiting them to positive VDD of the 
capacitor 21A for voltage increasing so that when the 
transistors 66 and 67 are open, their voltage is not more 30 
than the voltage of VTKN. In this case, outputs from the 
comparators 61 and 62. and clock signal CLK, are logi- 
cally added by an AND circuit, and are input to the gates 
of the transistors 66 and 67. 

[01 00] Moreover, the structures of the rotation detec- 35 
tion circuit 53, the LPF 55, and the brake control circuit 
56 are not limited to ones comprised of the waveform 
shaping circuit 70, the charge pump 80 and the loop fil- 
ter 81. the comparator 90, and the frequency-dividing 
circuit 91 and the triangular-wave generating circuit 92 40 
as in the embodiment, but may be appropriately pro- 
vided for practicing the present invention. 
[01 01 ] By way of example, concerning the waveform 
shaping circuits 70, a latch means 120 as shown in Fig. 
1 9 may be used. The waveform shaping circuits 70 uses 45 
an output from either comparator 61 or 62 to perform 
the shaping of rectangular-wave pulses fr, as also 
shown in Fig, 9. However, a waveform shaping circuit 70 
according to Fig. 13 performs the latching of the latch 
means 1 20 at the rise of an output from the AG1 polarity so 
detection (comparator 62), and resets the latch means 
120 at an output from the comparator 61 for AG2, This 
case has advantages in that no time delay occurs and 
accurate detection can be performed, although two out- 
puts need to be used. By performing latching at an out- 55 
put for AG1 , if a pulse missing is generated in the output 
for AG1 . it is ignored, which can prevent it from affecting 
rectangular-wave pulses fr. 



[01 02] In addition, the brake circuit 23 is not limited to 
one using chopping, but may be one that performs brak- 
ing by using the VCO to change the current flowing in 
the coils 15b and 16b. It may be appropriately selected 
for practicing the present invention. 
[0103] As described above, according to the present 
invention. PLL control is realized in an electronically 
controlled PLL control is realized in an electronically 
controlled mechanical timepiece, whereby phase excur- 
sions can be eliminated, and control-system response 
can be quickened. 

[01 04] The present invention is not limited to watches, 
but may be applied to spring-driven clocks and wail 
clocks, etc. 

Industrial Applicability 

[0105] As described above, an electronically control- 
led mechanical timepiece and a control method therefor 
according to the present invention are useful for various 
types of electronically controlled mechanical timepieces 
that use a generator to convert mechanical energy in 
the unwinding mode of a spring into electrical energy, 
and drive a rotation control means with the electrical 
energy, whereby controlling the rotation cycle of the 
generator, and in particular, to small electronically con- 
trolled mechanical timepieces used as vk^tches. 

Claims ( 

1. An electronically controlled mechanical timepiece 
including: a mechanical energy source; a generator 
driven by said mechanical energy source con- 
nected to said generator via a train wheel bridge, 
which generates Induced electric power for supply- 
ing electric energy; a brake circuit for braking said 
generator; pointers joined to said train wheel 
bridge; and rotation control means for controlling 
the rotation cycle of said generator by controlling 
said brake circuit; 

wherein said rotation control means includes: rota- 
tion detection means for generating a rotation sig- 
nal of said generator; target-signal generating 
means for generating a target signal corresponding 
to a target number of revolutions; and phase-differ- 
ence compensation means for detecting the phase 
difference of said target signal output from said 
^rotation detection means, and said target signal 
output from said target-signal generating means, 
and outputting a phase-difference compensation 
signal which is used as a braking control signal in 
said brake circuit. 

2. An electronically controlled mechanical timepiece 
according to Claim 1, wherein said generator and 
said brake circuit constitute a voltage-controlled 
oscillator, and said phase-difference compensation 
means includes: a phase-comparison circuit for 
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comparing the phases of said rotation signal and 
said target signal: and brake control means for 
inputting to said voltage-controlled oscillator said 
phase-difference compensation signal fbr control- 
ling said brake circuit based on an output from said 5 
phase-comparison circuit. 

3. An electronically controlled mechanical timepiece 
according to Claim 2. wherein said rotation control 
means includes a waveform shaping circuit for con- 10 
verting the output waveform of said voltage-control- 
led oscillator into rectangular-wave pulses, and 
outputting them as said rotation signal to said 
phase-corriparlson circuit. 

IS 

4. An electronically controlled mechanical timepiece 
according to Claim 2 or 3, wherein said rotation 
control means includes a frequency-to-velocity con- 
verter for converting the frequency of an output sig- 
nal from said voltage-controlled oscillator Into 20 
velocity, and said brake control means is capable of 
outputting a signal which controls said brake circuit, 
based on an output from said phase-comparison 
circuit and an output from said frequency-to-veloc- 
ity converter. 25 

5. An electronically controlled mechanical timepiece 
according to Claim 1, wherein said phase-differ- 
ence compensation means includes phase-differ- 
ence detection means and compensation-signal . so 
generating means for receiving an output from said 
phase-difference detection means, 

said rotation signal and said target signal are 
repetitive pulses, 35 
said phase-difference detection means 
includes counters lor counting the numbers of 
rises or falls of the respective signals, and 
one counter is incremented or decremented 
when said target signal rises or falls, or is incre- 40 
mented or decremented when said rotation sig- 
nal rises or falls, and outputs an output of the 
counter as a phase-difference signal to said 
compensation-signal generating means. 

45 . 

6. An electronically controlled mechanical timepiece 
according to Claim 5, wherein said phase-differ- 
. ence detection means includes: an Integral counter 
for measuring a total of the phase excursion peri- 
ods of said rotation signal and said target signal; a so 
proportional counter for measuring phase excur- 
sion periods: and an adder for increasing or reduc- 
ing the value of each counter In accordance with a 
lead or lag of the phase excursion of said rotation 
signal with respect to said target signal. ss 

7. A control method for an electronically controlled 
mechanical timepiece including a mechanical 



energy source: a generator driven by said mechan- 
ical energy source connected to said generator via 
a train wheel bridge, which generates induced elec- 
tric power for supplying electric energy, a brake cir- 
cuit for braking said generator, pointers joined to 
said train wheel bridge, and rotation control means 
for controlling the rotation cycle of said generator by 
controlling said brake circuit, 
wherein a rotation signal of said generator and a 
target signal generated in accordance with a target 
number of revolutions are compared to detect the 
phase difference therebetween, and a phase-differ- 
ence compensation signal in accordance with the 
phase difference is used to control said brake cir- 
cuit 

A control method for an electronically controlled 
mechanical timepiece, according to Claim 7. 
wherein said control method comprises: using an 
Integral counter to measure a total of the phase 
excursion periods of said rotation signal and said 
target signal, and using a proportional counter to 
measure phase excursion periods; determining a 
lead or lag of the phase excursion of said rotation 
signal with respect to said target signal; computing 
a phase-difference compensation signal for setting 
a braking time by Increasing or reducing the value 
of each counter in accordance with the determined 
result; and using said phase-difference compensa- 
tion signal to control said brake circuit. 
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